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SYNOPSIS: A load mechanism and its associated displacements for friction piles driven in a soil 
subject to regional subsidence is presented. The effect of a surficial crust, which is not under 
consolidation, is analyzed and to avoid pile emersion, a boundary for the piles safety factor is 
established. Foundations supported on friction piles, where the foundation slab should always be in 
contact with the supporting soil, is also analyzed. It is proposed to consider that the load 
transmitted by the foundation slab be equal to the excavated weight and it is suggested that the 
increase pile-soil adherence with time, should be taken into account. A maximum value for pile load 
capacity, in order to avoid emersion, is obtained. Results from measurements, showing the 
deformation distribution with depth in the clay layers down to 32 m, are shown. Finally, a design 
example of a compensated foundation supported on friction piles, is presented. 
1. INTRODUCTION. 
Regional subsidence phenomenon related to soft 
soils is becoming quite common in areas where 
water is extracted. In the Mexico City Valley, 
the clay layers have been subjected to a consoli 
dation process due to the drawdown of hidrostatic 
pressure in the interstratified sand layers, as 
the result of water extraction. Foundations have 
been adapted accordingly and some types, commonly 
found any where else, are not used so often and 
others have had a wide application. Consequently, 
point bearing piles have been almost eliminated 
in the socalled "Lake Zone", (Marsal and Mazari, 
19 59) and when used, it is commendable to install 
control piles to avoid the apparent structure 
emersion from the ground. In the same area, the 
use of friction piles has been increased, maybe 
because it is believed that with them the struc-
ture automaticaly follows the surrounding ground 
settlements. 
Even though it has been recognized (Ellstein, 
1970; Correa, 1970; Zeevaert, 1980), that accor-
ding to the very special conditions in the Valley, 
the safety factor SF of friction piles should be 
close to ne, so that the structure doesn't emerge, 
it is a fact that higher values are usually con-
sidered by design engineers. In such a case, SF 
being higher than one, it is possible that the 
foundation slab separates from the soil due to 
the differential vertical displacements of piles 
and soil. In order that SF 1 and yet avoid se-
paration due to regional subsidence, this paper 
proposes that friction pile foundations should 
always be also partially compensated within 
certain limits. This will avoid the foundation 
separation negative effects, such as the sudden 
settlement of the structure, when dynamic loads 
are applied during an earthquake. 
For the design of this type of piles, equilibrium 
and deformation conditions have been established 
before (Resendiz et al., 1970); Resendiz and 
Auvinet, 1973) wich permit to estimate the 
position of the neutral axis {NA), that is, depth 
263 
where the shear stress direction changes (Figure 
1). 
These conditions are: 
- Equilibrium: 0 
- Deformation: The pile is assumed to be infini-
ly rigid. It is considered that the vertical 
strain of the soil is only due to the consolida-
tion process. The horizontal strain is not taken 
into account. 
The following paragraphs describe load mechanisms, 
including the case where pile doesn't emerge. In 
addition, the effect of a surficial "crust" wich 
is not under consolidation, is analyzed and a 
boundary set for SF, which assures no emersion. 
2. LOAD MECHANISM 
The shear stress distribution at the pile shaft, 
considering that the soil shrinks uniformly, has 
been analyzed by Resendiz et al. {1970). It has 
been established that, in order to satify 
equilibrium , the pile should emerge by an amount 
e' that is the vertical displacements of the 
soil surface relative to the NA (Figure 1). 
The vertical deformation distribution in the soil 
may be generalized as shown in Figure 2. Here the 
possible vertical deformations of the soft soil 
layers, as a result of the hydrostatic pressure 
drawdown in the interstrafied sand stratum and in 
the so-called "stiff layer" are shown. It has 
been also considered that deformations could take 
place between the ground water table (WT) and the 
upper must part of the clay stratum under conso-
lidation, due to a WT change. The results is a 
vertical displacement, relative to point "O" 
after a certain period t, as shown in Figure 2: 
This process evolves with time, as it depends on 
the hydrostatic pressure drawdown at the sand 
layers, frequent in the upper clay formation at 
Mexico City Valley. 
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Now, a load deformation mechanism for friction 
piles is discussed, assuming that a relatively 
important soil deformation occur along the pile 
length (Figure 3). This is not restrictive, 
considering that the relative displacement 
necessary to develop pile-soil adherence is 
quite small (Resendiz 1970). 
Consider the following two cases: 
First, Figure 3a. considers a thin sand layer 
relatively near to the pile tip and with 
hydrostatic pressure lower than hydrostatic. 
The displacement distribution shown will re-
flect at ground surface. As an undeformable 
body, the pile should tend to sink into the 
ground and it will do so since the negative 
friction, at the upper dashed zone will be 
larger than the positive friction under the 
sand stratum that will not be able to "stop" 
the pile. In fact, negative friction will 
not develop at the whole, pile body during 
sinking, but only at the lower part, which is 
just the necessary to balance the positive 
friction. 
Second, ·Figure 3b considers the sand layer 
close to the pile head. Here, the displace-
ments and consequently the negative friction, 
occurs at a small length and the positive 
friction may occur at most oE the pile shaft. 
Hence, the pile will resist to be dragged 
Braund surface Hidrostatic pressure Vertical strain Vertical displacement 
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Sand atratum where water .. ..., •.. 
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Figure 2. Strain and diaplac ... nt due to drawdown oF the hydrostatic pressure 
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a) Sand layer close to tip b) Sand layer close to head 
Figu~e 3. S~raln and displacement diatributlon around the pile shaft 
into the ground and the upper soil will 
remain suspended from the pile, near the cap. 
As. a consequence, the pile will emerge. 
In the case where sand strata with water pre-
sure low do not exist (Figure 4) and the 
ground settlement occurs due to consolidation 
induced at point "O" level, below the pile 
tip, if points "0" doesn't move but ground 
surface does then there would be a distribu-
tion for the actual relative displacement 
such as that represented by the dotted linein 
Figure 4, and in such a way that after a certain 
time~ will be greater that/1z 2 • Obviously, this 
would force the pile to emerge and the ground 
would "hang" from it. It's upperpartwouldbe 
subjected to negative friction (NF) and the 
lower to positive friction (PF), with neutral 
axis (NA) defined by the equilibrium condition. 
Now, it is convenient to establish an assump-
tion about the shear stress distribution due 
to the initial structure load. In the follo-
wing, it is assumed (Figure 5) that b is equal 
to the adherence for all layers. This is not 
strictly true; nevertheless, for the purpose 
of this pAper, it c~n hP c0nsidered that the 
error is small, because of the great relative 
pile-soil displacements that will follow af-
terwards. 
3. CONDITIONS NECESSARY FOR EMERSION 
The influence of the safety 
emersion phenomenon is now 
re 6). 
SF can be expressed as: 
SF Cp + Qad 
Q 




C , end-bearing load capacity, kN p 
Qad' total friction load that pile can bear; 










Figure •· Soil displacement vith respect to the 
hard layer and to pile tip 
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Pile 
Figure 5. Shear stress distribution due 
to structure load 
Q, load applied to the pile head, kN 
Additionally,theinitial load conditionimplies, 
Q = PF i + Cpi ( 4) 
where: 
PFi' initial positive fiction,kN 
C., load at the pile tip, kN pl. 
Taking into aconsideration that for friction 
piles, stresses at the tip are negligible, 
while the maximum PF has not yet been develo-
ped, in the following, C . is assumed to be pl. 
zero, for any value of SF greater than one. 
Therefore, the following equality holds: 
Q=J:qp.ad.dz (4) 
where: 
ad, pile-soil adherence, as function of soil 
strenght, kPa 
p, pile perimeter, m 
zq, depth to which positive friction develops 
due to Q, m 
It should be observed that Q d is the maximun 
limit value of positive or n~gative friction, 
so that: 
In these conditions, as SF increases, zq/zp 
becomes smaller, z being the pile length. p 
Consider now the effect of a nondeformable 
"crust" located between the pile cap and any 
depth ze as shown in Figure 6, where three 
PF + NF ~ Qad 
where: 
PF, positive friction, kN 

















possible conditions for the pile and also a 
distribution law for the vertical displace-
ment of the soil, with respect to point "0", 
are represented. In the following, each case 
a, b and c, is discussed. 
I Displacement 
1 dlstrlbution 








friction due to 
settlement 
-- _P~t 0 t 
of pile and 
due to Q 
I I (c](b)[aJ 
Pile condition 
b) Displacement distribution 
in soil and pile due to 
regional settlement 
c) Sheer stress direction along 
the pile shaft for condition (e) 
Figure I. Relative diaplaceaent conditions of friction pile with respect to point o 
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case "a" corresponds to a nonemerging pile. 
Its relative vertical displacement, with res-
pect to point "Oh, is equ•l to that of the 
ground surface. The depth of the neutral 
axis z , coincides with the upper boundary 
na 
of the "crust", ze. 
The equilibrium condition is: 
PF] :p 
e 
+ + + 
is the possitive friction developed 
due to initial loading. In this ca-
se z 1 is less than or equal to z . 
is the negative friction generat~d 
as a reaction to the psitive fric-
tion below, due to regional subsi-
dence. 
is the psitive friction due to pile 
penetration, as a consecuence of re-
gional subsidence. 
As can be observed, the value of z in 
case may be equal to the value of z 1 , 
this 
depen-
d~ng upon the position of ze relative to z . p 
From Eq. 5, the condition necessary to avoid 
emersion, can be obtained as: 
PF J :: + ( 6) 




would be eliminated and the upper 
limit of NF, that is z, would move to ground 
surface, to the pile cap, being the most un-
favorable condition. Eq. 6 can be considered 
as the necessary condition for no emersion as 
it appeals to the maximum negative friction 
in the pile for equilibrium. 
A modified form of Eq. 6 can be obtained from 
Ec 1 as: 
SF • Q = NFJ::O + PF 
From Eqs. 1' and 
PF J :: + c = SF p 










If ze 0, evidently SF = 1; 
If ze zq, then NF] :~a is equal to Q (Eq.4) 
and in Eq. 7, SF~ 3; 
If z = z , SF has no relevance, since the 
e p 
pile obviously can not emerge. 
For case "B" the equilibrium condition is: 
PF l ::b + Cp " 0 + NF l ::: ( 8) 
Now znb is the depth to give the necessary 
lenght of positive fiction to comply with Eq. 
8 and in this condition, pile will emergewith 
respect to the ground surface,[, e being the 
shortening of the soil between ze and znb so, 
as znb is more apart from ze the emersion 
will be greater. 
Lets analyze the relation between znb and SF. 
Considering Eq. l, Eq. 8 can be modified to 
read:] zp ] lz 
PF znb + Cp + NF ::: = Q + 2 . Njz::=Q.SF 
Hence: 
NF] 
Q . fSF - 1) 
( 9) 2 
From Eq. 9 it can be seen that, as SF grows, 
zn is greater and [; e too. 
It can also be observed that using SF values 
as those in Eq. 7, znb values will be smaller 
than ze; this is irrelevant, since the lowest 
z limit is z , and z = z is the condition 
n e n e 
for no emersion. 
Case "C" is characteristic of point bearing 
piles. Actually, in this condition the pile 
tip does not move with respect to point "0", 
negative friction develops at all its length 
and pile emerges the same amount soil sinks, 
therefore it will be not discussed any further. 
Finally, it should be mentioned that the con-
cepts described before are applicable to any 
distribution of relative displacements bet-
ween soil and pile; as in any case of Figure 
3, which represents the existance of a sand 
layer, with water pressure low, at a depth 
between the cap and the pile tip. In this 
case, z and z should be carefully estimated. 
n e 
4. STl\BIT,J'f'Y OF Pl\RTIJ\LLY CONPEHSZ·.·.:.·r.:o FQUJJL'l,-
TION, SUPPORTED BY FRICTION PILES. 




L Q, permanent plus transient vertical load,kN 
we, compensated weight, computed as the sum of 
submerged weight of excavated soil below 
WT and total weight of soil excavated ab.Q. 
ve it, kN. L Q ad, maximum load which can be supported by 
piles, kN. 
SF1 , safety factor of the pile group, greater 
than one. 
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Considering that: 
l Q ad = AL • f + 2 cp (11) 
Where: 
A , lateral area of all the friction piles, 
L for its estimation, pile group.s should be 
taken into account to obtain the smallest 
value, m2. 
f, actual average pil-soil adherence, kPa 
~c , sum of point bearing capacity of piles, 
L. p kN 
Eq. 10 implies that the contact pressure bet-
ween slab foundation and soil is equal to We/A, 
where A is the foundation slab area and ther~ 
fore the load supported by the piles is Q-Wc. 
The value of We can be established as a pro-
portion of total weight of the structure, such 
as: 
w c . r Q 
c 0 
(12) 
where C0 is the compensation factor. 
Furthermore, the necessary and sufficient con 
dition for a permanent foundation slab-soil 
contact is that the pile group do not emerge. 
This can be achieved if Eq. 7 is satisfied by 
each one of the piles. In the following, it 
is assumed that Eq. 7 can be generalized to 
the cluster of piles, obtaining: 
] ze 
SF ~ 1 + 2 - NF z =0 
----:-Q.:.......:= ( 7 I ) 
J ze where now NF z=O is the sum of the negative 
skin friction that can be generated in all the 
piles between z = 0 and z = ze. 
This value of SF represents the safety factor 
of pile group (when there is no slab-soil con 
tact) and for its computation Eq. 1 can be-
generalized in the same way as Eq. 7 has. The 
result is: '\' 
SF = L Qad (1 II) 
"[Q 
Considering that the adherence between pile 
and soil can increase with time, due to the 
net weight supported by the structure and the 
decreasing hydrostatic pressure in the soil 
surrounding the piles, it is convenient to 
increase the considered value of Qad by a fa£ 
tor F , greater that one, in order to obtain 
the lbng~tcrm actual bearing capacity. The-
refore: F 1 Q 
1 • ad 
IQ SF = (13) 
If the long-term adherence is called fL then: 
F 1 =---::f=L'--
f 
From Eq. 13 1t can be obtained: 
(14) 





SF ( 7 II) 
It can be observed that x is independent of 
the number of piles~ i.e. its value can be 
obtained once the pile length is know or 
assumed. By substituting Eq. 7 11 into Eq. 13 
the actual maximum I Qad suitable for the pi-
les can be defined: 
2 Qad = ~ Q 
F1 - 2x 
(15) 
This equation shows thatl~dis greater as the 
thickness of the surficial "crust" increases. 
By substituting Eqs. 15 and 12 into Eq. 10, 
one obtains: 
1 SFl = (1 - Co) - (Fl - 2x) (16) 
Eqs. 15 and 16 are of great practical inte-
rest, since they permit to estimate the maxi-
mum value of SF1 as a function of the ticknees 
of t;.he "crust" and thereby the maximum number 
of piles to be used. 
5. INCREASE IN ADHERENCE 
There are several effects that tends to in-
crease the adherence between soil and pile 
with time: one can mention the remoulding 
produced by pile driving, the net load in-
crease transmited by the piles through shear 
stress on the shaft and the consolidation of 
the surrounding soil due to regional sub-
sidence. 
The first effect has been discussed by 
Zeevaert, ( 1972) and. is not considered in this 
report; besides, it has been observed that in 
a short term,· even within a few days, the 
soil adherence becomes ~ixed. Concerning the 
other two effects, it can be said that their 
estimation is difficult from a theoretical 
point of view, since it requieres a very good 
knowledge of the actual effective stress 
state in the soil surrounding the piles. Some 
factors that may influence are mentioned in 
the following: 
a) The presence of a surficial crust. As 
its thickness increases, F 1 will be smaller. 
This is due to the fact that the soil in the 
crust will not change its strength signi-
ficantly. 
b) The degree of consolidation of the 
ground surrounding the piles. If the clay 
around them is normally consolidated, F 1 will 
Friction pile foundations in a soil undergoing regional subsidence/Rico, Leon & Orozco 
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DEPTH OF BENCH MARKS 
DLB 32.00 m [FiXed) 
DLB 3 26.50 m 
DLB 22.50 m 
DLB 1~.50 m 
SLB 1 0 .80 m 
Figure 7. Location of deep bench .. rks at the 
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a] Relative vertical displacement of the ground 
at different depths with respect to DLB 2 
for different dates 
1986 
be greater than if the clay is preconsolida-
ted. 
Considering the above mentioned, it seems that 
the maximum advisable value of F1 would bel.3, 
expect when the contrary can be proven. For 
design purpose a value between 1 and 1.3, de-
pending on the results of the field investi~ 
gations carried out, can be used. For prac-
tical purpose, this is applicable to the Lake 
Zone of the Mexico City Valley, where impor-
tant subsidence has been observed. At some 
other areas, where the clay thickness is grea-
ter than 30 m and the lowering of the hydros-
tatic pressure has been small, it is possible 
to obtain F1 values greater than 1.3. 
6. REGIONAL SUBSIDENCE 
Gayol, 1929 made the first documented obser-
vations of the regional subsidence in the Me-
xico City Valley. Thereafter, the Comisi6n 
de Aguas del Valle de Mexico has made a se-
ries of measurements near the wells opened 
for water supply. Some excellent works have 
been published (Resendiz at al; 1970; Del 
Castillo, 1978) which contains information 
about settlement and its speed. Besides, the 
authors have known about several inedited 
works with similar measurements. In all of 
them, the regional subsidence has been moni-
tored with respect to fixed bench marks pla-
ced in the hills or at the "deep stiff la-
yers" at some 30 m depth or even more. 
The Secretaria de Comunicaciones y Transpor-
tes (SCT) has started a series of measure-
ments at the Centro Nacional SCT. Their ob-
jective is to better understand the effect of 
the regional subsidence in the behavior ob-
served at some structures damaged during the 
1985 earthquakes. They include the settle-
ment observation of bench marks located at 
different depths. 




DEPTH OF BENCH MARKS 









b) relative vertical displacement of 
the ground at different depths with 
respect to DLB 2 versus time 
Figure B. Deep ground relative displacements 
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Figure 7 shows the location of the bench mar:ks 
'I'n•y we:r:• :Ln•t.al-l•c! At a•pthfi of u, 3:l, 26.5, 
22.5 and 14.5 m1 the results are presented 
in Figure 8. The vertical displacements of 
'DLB3, DLB4, DLB5 and SLBl, all with respect 
to DLB2, are shown in terms of depth (Figure 
Sa) and in terms of time (Fig. Bbl. Data show 
the distribution of the shortening of the clay 
layer down to 32 m depth, as follows: 
Depth interval Contribution to 
(m) shortening, (%) 
0 - 14.5 
14.5 22.5 
22.5 - 26.5 











The mean deformation velocity in the interval 
0-14.5 m is not given due to the presence of 
a surficial crust; data cover from July 14, 
1986 to July 20, 1988. 
All this contradicts the believe that subsi-
dence originates in the deformation of a 
small part of the clay near the deep stiff 
layer, say between 26 and 30 m. It is possi-
ble that the contribution of the upper layers 
to subsidence, due to the presence of sand 
lenses at smaller depths, is significant. 
7. EXAMPLE 
Consider the case of a twelve story building 
on an area 16 x 20 m, transmitting a perma-
nent and transient load of 37,659 kN, without 
consider ing the foundation weight. The sub-
soil is constituted by the following layers: 
- A surficial crust of silty soil, preconso-
lidated by dessication. 
- A clay layer with low water content that 
indicates it has suffered consolidation, pro-
bably due to WT lowering. This layer and the 
before mentioned are 7 m thick together. 
- A very soft clay layer down to 32 m depth, 
subject to regional subsidence. 
It will be assumed that F 1 is 1.3. In a first 
attempt, suppose a 2.5 m depth compensation 
and square friction piles 0.40 m side will be 
used, driven to 26 m depth, with frictional 
and ultimate point bearing capacity of 633 kN 
each. 
The foundation weight is 4,707 kN, the total 
weight of the structure is 42,366 kN. The 
compensation, assuming a unit weight of the 
excavated material equal to 15.7 kN/m3, is 
12,553 kN. Then the value of C0 is 
12,553/42,336 = 0.296. 
The negative friction, which can be produced 
between 2.5 and 7 m, is 135 kN, then x re-
sults equal to 0.213. 
Applying Eq. 15: 
Qad = 42,366/(1.3 - 2 X 0.213) 48,474 kN 
Applying Eq. 16: 
SF1 = 1. 626 
The ma~imum number of piles to be usad is, 
N = 48,474/633 = 76 
In case of dynamic loads produced by an ear-
thquake, the slab and piles modified bearing 
capacities should be taken into account. 
It is reasonable, for the example in question, 
to suppose a seismic moment of 125,530 kN-m 
at the ground surface level as well as a ho-
rizontal force of 5,021 kN. Assuming there 
is no reaction force from the ground between 
the surface and the foundation slab level, 
the seismic moment at this level is 138,080 
kN-m. 
This moment produces an excentricity equal to 
138,089/42,766 = 3.26 m which enables an 
"effective" slab area of 20 (16-2 x 3.26) 
189.6 m2. Also, if the piles are unformly 
distributed, the "available" number is 40. 
The bearing capacity of the "available" piles 
and the "effective" area of the slab can be 
computed. As for the piles, it shall be 
assumed that each one supports 633 kN and for 
the slab its bearing capacity is equal to 
117.7 kPa. 
Then, the total bearing capacity is equal to 
40 X 633 + 117.7 X 189.6 = 47,636 kN. The 
safety factor for seismic load is then: 
47,636/42,766 = 1.12; this value is small and 
therefore it is convenient to modify the pile 
lenght or increase the compensated weight. 
In a second attempt, it will be assumed that 
the piles tip is at 20 m depth. It should be 
mentioned that the reduction of the pile 
length enables an increase in the value of 
lQad due to an increase in x. 
Their total bearing capacity is 465 kN; the 
negative friction that can develop at the 
"crust" is the same as in the former case, 
that is, 134 kN. The value of x is 
then 0.304. The value of l Qad is 
42,366/(1.3 - 2 X 304) = 66,225 kN. 
The value of SF 1 is equal to 2.05 and the ma-
ximum number of piles to be used is 
61,225/465 = 131. 
In the case of an earthquake, the "available" 
number of piles is 70, the "effective" slab 
area and the slab bearing capacity area the 
same as before. The overall bearing capacity 
in the case of an earthquake is: 
189.6x 117.7 + 70 x 485 = 54,831 kN and the 
safety factor under seismic loads is 
54,831/42,366 = 1.29. This value is conside-
red reasonable. 
CONCLUSIONS 
The load conditions for nonemerging friction 
piles supported by a soil subjected to regio-
nal subsidence have been explained and the 
effects of a surficial rigid "crust" with a 
thicknees ze, has been analyzed. 
The following conclusions were reached: 
a) If the pile safety factor satisfies that 
2 NF] ze 
SP ~ 1 + z=o ( 7 ) 
2 
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The pile doesn't emerge. In this case, z 
is the thickness of the "crust" not under e 
consolidation and can be computed as the di-
fference elevation between the pile head z=e ( le-
vt:~l of the : foundation slab) and the lower 
bdundary of the "crust". 
b) If the safety factor doesn't satisfy the 
former condition, the pile will emerge be with 
respect to the ground surface, [) being the 
e 
soil shortening between the lower boundary of 
the surficial "crust" and the neutral axis 
level (z- zn), which can be defined as: 
NF 1 zn = Q (SF - 1) 
z=o 2 
( 9) 
c) It seems reasonable that the "optimum" de-
sign for friction piles in soils under regio-
nal subsidence and with the possible presence 
of a surficial "crust" is that given by Eq. 7 
d) The equation obtained for a pile has been 
generalized to the case of partially compen-
sated foundations supported by a friction pi-
le group and an illustrative example has been 
presented. 
e) Data 90rresponding to measured settlements 
of deep bench marks show that the clay layer 
down to 32 m depth is shortening in practica-
lly all its thickness, and not only at the 
say 3 or 4 m close to the stiff layer as be-
fore believed. 
REFERENCES 
Marsal, R.J. and Mazari, M. (1959) "The Sub-
soil of Mexico City", Contribution of the 
Institute of Engineering tq the First Pana-
merican Conference on Soil Mechanics and 
Foundation Engineering, Mexico. 
Ellstein, A. (1970) Personal communication. 
Correa Racho J.J. (1970) "Course on Founda-
tions", Graduate Division. Faculty of En-
gineering, UNAM, Mexico. 
Zeevaert, L. (1980), "Deep Foundations Design 
Problems Related with Ground Surface Subsi-
dence" Proceedings, Sixth Asian Southeast 
Congress of Soils Engineering, Vol. 2, Tai-
pei, China. 
Resendiz, D. (1970), "Informacion reciente 
sobre las Caracteristicas del Subsuelo y la 
Practica de la Ingenieria de Cimentaciones 
en la Ciudad de Mexico", Proceedings, Fifth 
National Meeting on Soil Mechanics, Mexico. 
ReRAndjz, D. ~nd Auvinet, G. (lq73), "Analy-
sis of Pile Foundations in Consolidating 
Soil", Proceedings, Eighth International 
Conference on Soil Mechanics and Founda-
tion Engineering, Vol. 2; Part 1, pp. 211-
218, Moscow, USSR. 
Zeevaert, L. {1972), "Foundation Engineering 
for Difficult Subsoil Conditions", Van Nos-
trand Reinhold, New York, USA. 
Gayol, R. (1929), "Breves Apuntes relatives 
a las Obras de Saneamiento y Desague de la 
Capital de la Republica y de las que del 
mismo gene~o Necesita con Gran Urgencia". 
Mexican Journal of Agriculture and Enginee-
ring, Vol. VIlJ, Mexico. 
Del Castillo M.~ R. (1978), "El Subsuelo y la 
Ingenieria de 1Cimentaciones en el Area ur-
bana del Valle de Mexico", Sociedad Mexica-
na de Mecanica de Suelos, Mexico. 
ACKNOWLEDGMENTS 
Espino collaborated in the preparation of in-
formation and figures. Martinez and Lopez 
made the settlement measurements at the 
deep bench marks. Gomez and T. Andrade 
patiently typed the draft. 
RTG/mtan 
Friction pile foundations in a soil undergoing regional subsidence/Rico, Leon & Orozco 
271 Third International Conference on Case Histories in Geotechnical Engineering 
Missouri University of Science and Technology 
http://ICCHGE1984-2013.mst.edu
